Two simple and sensitive kinetic-fluorometric methods have been developed for the determination of lanthanum(III): fluorescence quenching generated by the oxidation of safranine T or phenosafranine with potassium bromate in an acetate buffer solution. The rate of the oxidation reaction is significantly accelerated after adding lanthanum(III). A good linearity between the relative fluorescence intensity and lanthanum(III) is observed in the range of both 0.04 -2.0 and 4.0 -16 μg/mL. The detection limits have been 3.6 × 10 -3 and 0.334 μg/mL respectively. The accuracy and reliability of the methods are further validated by recovery studies via a standard-addition method, with percentage recoveries ranging from 98 to 102%. Comparing the results of two measured reaction systems, we find that the safranine T reaction system provides high sensitivity and a wider linear range. In consequence, we have chosen the safranine T system to detect sample water, and explored the reaction mechanism.
Introduction
The rare-earth elements are functional and structural materials of some important raw materials as well as modis, effectively improving the performance characteristics of certain materials, so they are well known as the "industrial monosodium glutamate". For example, rare-earth elements can improve the structural characteristics and heat resistance of titanium and titanium alloys that have been widely applied for aerospace, aviation, chemicals, shipbuilding and other industrial sectors. As the largest reserves of rare earth element, lanthanum also has a wide range of applications. Therefore, the determination of lanthanum holds great significance. So far, the method for the determination of lanthanum has been applied spectrophotometry, [1] [2] [3] fluorescence spectrometry, 4,5 mass spectrometry (ICP-MS), 6 reverse-phase flow injection chemiluminescence, 7 and inductively coupled plasma atomic emission spectrometry. 8 However, to determination of lanthanum with catalytic kinetic fluorescence has only a few reports. Meanwhile, catalytic kinetic fluorometric method for the determination of certain metal ions has shown good selectivity and sensitivity. Chen has detected lanthanum(III) by fluorescence quenching of eosin Y in the condition of 8-quinolinol as a complexation agent. 9 In this paper, we have established two methods for the determination of lanthanum(III) by using lanthanum(III) for catalytic potassium bromate to oxidate safranine T and phenosafranine. The experimental result shows that, in the presence of potassium bromate and sodium acetate (NaOAc) buffer solution, a linear relationship between the relative fluorescence intensity of the safranine T system and the phenosafranine system is achieved with a range of concentrations of lanthanum(III) under detection limits of 3.6 × 10 -3 and 0.334 μg/mL, respectively.
Experimental

Apparatus
The fluorescence measurements were carried out with an LS45 spectrofluorophotometer (PerkinElmer Ltd., America) and a 970CRT spectrofluorophotometer (Shanghai Sanke Instruments Company, China). The pH values were measured by a pHS-3C meter (Shanghai Leici Instruments Company, China). Absorption spectra were recorded on a UV-3900 Spectrometer (Hitachi Ltd., Japan).
Reagents
The stock solution of lanthanum nitrate (Shanghai Yuelong Chemical Factory China) (1.0 mg/mL) was prepared with 0.2365 g La(NO3)3 in water and diluted to 100 mL. The stock solution was diluted to 10 μg/mL as working solutions with water. Safranine T (Tianjin Ruijin Chemical Limited Company, China) were 1.0 × 10 -3 mol/L. Phenosafranine (Shanghai Weibian Trade Limited Company, China) were 1.0 × 10 -3 mol/L. NaOAc buffer solution with different pH were prepared by mixing 0.2 mol/L HOAc with 0.2 mol/L NaOAc according to different proportions and adjusting the pH with a meter.
All other reagents were of analytical-reagent grade. Doubly distilled water was used throughout this work.
Experimental method
Safranine T method. Firstly, 2.00 mL of pH 4.6 NaOAc buffer solutions, 1.00 mL of safranine T (1.0 × 10 -3 mol/L), 0.50 mL of KBrO3 (0.1 mol/L) and an appropriate amount of lanthanum(III) (10 μg/mL) were poured into a 25-mL calibrate flask in turn. Then, the solution was diluted to the mark and thoroughly mixed. The solution was heated in a boiling water bath for 20 min before it was cooled to room temperature. The fluorescence spectra of the system were recorded at λem = 582 nm and the absorbance was measured in a 1-cm cell at the wavelength of the maximum absorbance against a reagent blank. The variation of the fluorescence intensities was denoted as the relative fluorescence intensity (ΔF). Here, ΔF = F0 -F (where F and F0 were fluorescence intensities of system and reagent blank, respectively). Phenosafranine method. First, 2.00 mL of pH 4.5 NaOAc buffer solutions, 1.60 mL of phenosafranine (1.0 × 10 -3 mol/L), 0.50 mL of KBrO3 (0.1 mol/L) and appropriate amount of lanthanum(III) (1.0 mg/mL) were poured into a 10-mL calibrate flask in turn. Then, the solution was diluted to the mark and thoroughly mixed, Finally, the solution was heated in a boiling water bath for 25 min before it was cooled to room temperature. The fluorescence spectra of the system were recorded at λem = 555 nm, and we measured the absorbance in a 1-cm cell at the wavelength of the maximum absorbance against a reagent blank.
Results and Discussion
Fluorescence spectra
Under the above experiment conditions of the safranine T method, we have measured the fluorescence spectra of several different reaction system. As shown in Fig. 1 , the fluorescence spectra of eight defferent safranine T systems excited at 558 nm have an emission peak at 582 nm, as observed in curves a and b. Comparing with curve a, the fluorescence intensity of curve b is slightly decreased because of adding KBrO3, but the reaction rate of safranine T with KBrO3 is very slow. The result indicates that safranine T can be slightly oxidized by KBrO3. Under the same conditions, with increasing lanthanum(III) concentration, reduction of the F is observed. The fluorescence intensity of safranine T is significantly reduced, indicating that lanthanum(III) plays a catalytic role in the system and the rate of safranine T oxidized by KBrO3 increases quickly while the concentration of lanthanum(III) is increased. In addition, the ΔF is proportional to the concentration of lanthanum(III). Furthermore, the pink color of the reaction mixture disappeares as the colorless reaction product is formed. As shown in Fig. S1 (Supporting Information), for the phenosafranine method, the fluorescence spectra show the same behavior as the safranine T system.
The absorption spectra
In order to further investigate the catalytic effect of lanthanum(III), the variation in the absorption spectra of the reaction system was examined. As shown in Figs. 2 and S2 (Supporting Information), the maximum absorption peak of safranine T and phenosfranine are at 550 and 530 nm, respectively. After adding amounts of KBrO3, the absorbance of two different systems is slightly decreased. It is indicated that parts of safranine T and phenosafranine are oxidized by KBrO3. However the absorbance significantly reduces after added lanthanum(III) and the characteristics of absorption spectra of two systems mains invariant. This indicates that lanthanum(III) is independent on safranine T and phenosafranine to produce a new substance, but accelerates the oxidaion reaction rate in the reaction process.
Optimum condition for the reaction Effect of concentration of dyes on the fluorescence intensity.
Since the fluorescence intensity of the dye is affected by not only its own molecular structure, 10 but also the concentration in the system, in the absence of potassium bromate and lanthanum(III) the effect of the concentration of safranine T and phenosafranine on the fluorescence intensity is investigated in the HAc-NaAc buffer solution at pH 4.6 and 4. the fluorescence intensity increases with the increasing of the concentration of the two dyes, respectively.
When the concentration reaches 4.0 × 10 -5 and 1.6 × 10 -6 mol/L, the fluorescence intensities are maximum, respectively. However, when the concentrations of safranine T and phenosafranine further increase, the fluorescence intensity reduces, respectively, which is a phenomenon of fluorescence quenching. As a result, the optimum concentrations of safranine T and phenosafranine in the system are 4.0 × 10 -5 and 1.6 × 10 -6 mol/L in the experment, respectively. Effect of the reaction medium. The effects of the pH on oxidation reaction of systems were investigated for pH values of 4.3 -4.8. The NaOAc buffer solution was selected to control the pH of reaction system. As shown in Fig. 4 , we find that the ΔF is maximum at the pH values of 4.6 and 4.5 in the systems of safranine T and phenosafranine, respectively. The optimum volume of the buffer solution was considered to be 2.00 mL. Effect of the reaction temperature. The effect of reaction temperature on the fluorescence quenching intensity was studied for 25 -97 C. As shown in Fig. 5 . it was found that the fluorescence intensity of the systems increased with increasing for water bath temperature. When the temperature reached 97 C, the fluorescence intensity of two systems was the lowest, indicating that the reaction rate of the bromate oxidation of safranine T and phenosafranine was the fastest. Therefore, a boiling water bath (the boiling point of local temperature is 97 C) was selected in this experiment.
Effect of the reaction time and fluorescence intensity stability.
The effect of time on the fluorescence intensity was also investigated according to the experimental method after adding amounts of lanthanum(III). From Fig. 6 , at the beginning of the reaction, the fluorescence intensities of systems decrease with the reaction time. After 20 and 25 min for the safranine T and phenosafranine system, the fluorescence intensity of the systems remaines essentially unchanged, respectively. In addition, at room temperature, the fluorescence intensity is kept stable for 2 h.
Work curve and detection limit
According to the above experimental methods of safranine T and phenosafranine, the calibration curve is manufactured by conducting a series of similar experiments at various concentrations of lanthanum(III) for safranine T and phensofranine systems. The results are shown in Figs. 7 and S4 (Supporting Information), respectively. In the meanwhile, ΔF offers a good relationship the with concentration of lanthanum(III); the correlation coeffcients were 0.9975 and 0.9989, respectively. We have determined its fluorescence intensity of 11 blank samples. The detection limit was obtained by three times the relative standard deviation divided by the standard working curve slope. A comparison of two reaction systems is summarized in Table 1 . With similar molecular structures and reaction conditions of safranine T and phenosafranine, the results are quite different. The safranine T system has a lower detection limit, leading to a higher sensitivity compared with the phenosafranine system. Both the safranine T and phenosafranine are quinone imine dyes with strong fluorescence properties because of their long conjugated π bond and rigid planar structure. As shown in Fig. 8 , there are two imine groups in the dye molecules and the imine N is more active and prone to react. Compared with phenosafranine, the safranine T has a methyl group at the 2 and 8 positions. Due to the electron donor ability of the methyl group, safanine T is easier to react with bromate than the phenosafranine, which was consistent with the experimental result of this paper, that the safranine T system has a lower detection limit and shown a higher sensitivity.
Selectivity of the method
The safranine T-KBrO3-lanthanum(III) system is considered here. The effect of other substances on the determination 0.5 μg/mL was investigated. If the coexisting ions cause a relative error of ≤ ±5% in the fluorescence intensity change of system, the common ions were considered to have few interferences with the determination of lanthanum(III). 
Detection of lanthanum(III) in water samples
Based on the results above, the method was applied to the determination of lanthanum(III) in synthetic water samples and copper alloy through safranine T-KBrO3-lanthanum(III) system under the optimal experimental conditions. The standardaddition method was used for analyzing samples. The results are listed in Table 2 . The amounts of lanthanum ions, which were added to the water samples, could be suitably determined by the method. The results of measurements were tested by AAS, and were satisfactory.
Mechanism Discussion
Comparing with curve b (shown in Fig. 1 ) under the same conditions, the value of the fluorescence quenching of systems increased greatly after adding amounts of lanthanum(III), which also indicated that lanthanum(III) played a catalytic role. It is known that the potentials of the safranine T in the medium of pH 0 and 7 are 0.24 and -0.29 V, 12 respectively. It can be speculated that the potential of safranine T is between -0.29 to 0.24 V in the pH 4.5, and ψ θ (BrO3 -/Br -) = 1.423. 13 Therefore, it can be speculated that safranine T can be oxidized by bromate ion. When the lanthanum(III) was added, the reaction rate was obviously accelerated due to the coordination of NH2 group on lanthanum(III) and safranine T. Since the electrons on the N atom shift to the empty orbit of La(III), the electron transfer rate is increased as a whole, which leads to more active N on the imino group of the safranine T, which makes the oxidation rate of the potassium bromide oxidized safranine T significantly accelerated. The reaction process was shown in the Fig. 8 
Conclusions
In this paper, the fluorescence quenching characteristics of two systems were determined and comparably investigated. We find that, although the molecular structure of two dyes are similar, the difference in the results of determined lanthanum(III) ions was significant. The determination of lanthanum(III) by the safranine T system is more sensitive, and has a wider linear range. In a nutshell, the developed method in this work offers a simple, fast, inexpensive and highly selective spectrofluorometric approach for the determination of lanthanum(III) ions, which could avoid complicated synthesis and might be useful for the determination of water samples. 
